No general agreement exists as to the mechanism of the biological origin of acetylmethylcarbinol and 2:3-butylene glycol, although these products are formed by the dissimilation of various carbohydrates and polyhydric alcohols by many species of bacteria.
vestigations to show the role of diacetyl in butter aroma. Visser't Hooft & de Leeuw [1935] found the carbinol in bread which had a desirable aroma. These citations are but a few of the recorded examples.
Investigators are not agreed on: the origin of acQtylmethylcarbinol. Considerable evidence has been presented to support the view that acetaldehyde is an intermediary in the fermentation of glucose to acetylmethylcarbinol. Neuberg & Hirsch [1921] , Neuberg & Ohle [1922] , Neuberg & Reinfurth [1923] , and Neuberg & Simon [1925] 
38 acetaldehyde must be nascent to form acetylmethylcarbinol. Elion [1926] , starting with a 10 % yeast suspension in 3 % acetaldehyde, obtained a fair quantity of acetylmethylcarbinol in 3 hr. Barritt [1937] [1923] noted an increase of acetylmethylcarbinol, and a decrease of 2:3-butylene glycol in a Proteus culture after it was held for 18 days. Donker [1926] obtained the carbinol by growing Aerobacillus polymyxa aerobically in a medium composed only of yeast-water and 2:3-butylene glycol. Werkman [1930] inoculated a medium of 2:3-butylene glycol, (NH4)2SO4, and K2HPO4 with several species of Aerobacter. Acetylmethylcarbinol was detected in cultures of all of the organisms on the second day. Barritt [1937] found that many bacteria can oxidize 2:3-butylene -glycol to acetylmethylcarbinol and suggested that in the bacterial fermentation of glucose the glycol may precede the formation of the carbinol.
On the other hand, there is evidence that in the presence of fermentable sugar the reverse process takes place, namely, the reduction of acetylmethylcarbinol to 2:3-butylene glycol. Neuberg & Kobel [1925] added acetylmethylcarbinol to a fermenting mixture of sugar and yeast; the carbinol had disappeared by the third day and 2:3-butylene glycol was isolated from the fermented mixture. Nagelschmidt [1927] found acetylmethylcarbinol to be an intermediary product of the reduction of diacetyl to 2:3-butylene glycol by yeast. Visser't Hooft & de Leeuw [1935] found that under certain conditions the acetylmethylcarbinol in bread is reduced to 2:3-butylene glycol. According to Hammer, Stahly, Werkman & Michaelian [1935] , under certain conditions the citric acid-fermenting streptococci of butter cultures reduce acetylmethylcarbinol to 2:3-butylene glycol.
Methods and materials
Acetylmethylcarbinol was determined by the method outlined by Stahly & Werkman [1936] . 2:3-Butylene glycol was determined according to Brockmann & WVerkman [1933] and a correction made for the presence of any acetylmethylcarbinol [Stahly & Werkman, 1936] . Ethyl alcohol was determined according to Stahly, Osburn, & Werkman [1934] 576 BACTERIAL FORMATION OF ACETYLMETHYLCARBINOL, ETC. 577 with correction for acetylmethylcarbinol. The volatile acids were determined by the method of Osburn, Wood & Werkman [1933] .
Culture. In all the experiments described in this paper, Aerobacillus polymyxa (Prazmowski) Donker, [Donker, 1926] Adlditional evidence for the intermediary role of acetaldehyde was secured by the use of CaSO3 as a fixing agent. A medium composed of 1 % CaCO3, 0-2 % K2HPO4, 0-5% peptone, 2 % glucose and 1 % CaSO3 was inoculated with AerobacilU8s polymyxa and incubated at 300. The fermented liquor was then distilled to one-half volume into a dilute ice-cold solution of dimedon. Crystallization of the derivative occurred slowly after several hours in the refrigerator. Melting point determinations indicated that the substance fixed was acetaldehyde.
An experiment was designed to determine whether the addition of acetate to a normal glucose fermentation by Aerobacillus polymyxa results in an increase of acetylmethylcarbinol and 2:3-butylene glycol. Both anaerobiosis and aeration were employed. The control medium was 2 % glucose, 1 % CaCO3, 0-5 % peptone and 0-2 % K2HPO4. Calcium acetate, 2 g./300 ml.; was added to the basal medium. Glucose was determined immediately after inoculation; and glucose, acetylmethylcarbinol and 2:3-butylene glycol after fermentation was complete. The correlation of acetylmethylcarbinol and 2:3-butylene glycol with unfermented glucose and with Eh values is apparent from Fig. 1 a and b . The data are trom Tables 3, 4 and 5. Fig. 1 b represents the data obtarined with flask 2. The results are typical of the two other fermentations. The data of this experiment show that in all three fermentations there was a 'rapid drop in redox potentials concomitant with a rapid decrease in the concentration of glucose. Vhile the Eh value remained low, very little acetylmethylcarbinol accumulated, but there was a rapid rise in the quantity of 2:3-butylene glycol.
In flask 1 (control) a marked increase in acetylmethylcarbinol and decrease in the rate of production of 2:3-butylene glycol occturred at about the 60th hr. The redox potential had become fairly high at that time, and the glucose was almost completely fermented.
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The glycol pontent reached a maximum at the 70th hr. and then.began to decrease. This decrease was almost exactly accounted for by the increase in acetylmethylcarbinol. The graphs for the fermentation in flask 2 show a definite decrease in the quantity of acetylmethylcarbinol after the carbinol was added and while the Eh value was still fairly low. This decrease was accounted for by the increase in glycol content in excess of that in flask 1 to which 'no carbinol had been. added. To flask 3 was added 2:3-butylene glycol at the 46th hr. after inoculation. There was a slight rise after this in the glycol content but not as much. as in flask 1. The rise in acetylmethylcarbinol occurred earlier and to a greater extent in flask 3 than in flask 1. . L. STAHLY AND C. H. WERKMAN It is interesting to note that (1) passage of a stream of 02 through these fermenting liquors did not prevent a rapid drop in Eh; (2) acetylmethylcarbinol added to the fermenting medium was quickly reduced to the corresponding glycol while the Eh remained low; (3) after most of the glucose had been fermented and the Eh had risen appreciably, much 2:3-butylene glycol was oxidized to the carbinol; and (4) after all the glucose had been fermented the total content of acetylmethylcarbinol plus 2:3-butylene glycol did not change significantly.
It is evident that a low redox potential favours' the reduction of carbinol to glycol and a high potential favours the oxidation of the glycol to carbinol. It is near or at the time of the final disappearance of fermentable carbohydrate that conditions become suitable for the accumulation of acetylmethylcarbinol in the Aerobacillus polymyxa fermentation. SUMMARY AND CONCLUSIONS 1. In fermentations by Aerobacillus polymyxa, conducted either aerobically or anaerobically, the addition of acetaldehyde to a glucose-containing medium results in increased yields of ethyl alcohol, acetylmethylcarbinol and 2:3-butylene glycol.
2. Acetaldehyde is fixed -by the addition of CaSO3 to a normal fermentation. This evidence supports the probable intermediary role of the aldehyde.
3. Likewise, the addition of acetate results in increased yields of acetylmethylcarbinol and 2:3-butylene glycol.
4. A marked drop in redox potential and a rapid fermentation of the glucose follow inoculation of a vigorously-oxygenated glucose medium with Aerobacillus polymyxa. The potential rises only after most of the glucose has been fermented.
5. Large quantities of 2:3-butylene glycol accumulate while the redox potential remains low; part of the glycol is oxidized to acetylmethylcarbinol after the Eh attains a fairly high level.
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BACTERIAL FORMATION OF ACETYLMETHYLCARBINOL, ETC. 581 6. Little acetylmethylcarbinol accumulates during the early stages of the fermentation; added carbinol is reduced to glycol but only when the potential is low.
7. It is suggested that acetylmethylcarbinol and 2:3-butylene glycol comprise a reversible oxidation-reduction system. A low redox potential fa,vours the accumulation of the glycol; a high potential favours carbinol formation.
